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METHOD FOR EFFECTING CHANGES 
IN THE CENTRAL NERVOUS SYSTEM 
BY ADMINISTRATION OF IGF-I OR IGF-II 

5 

The Government may own certain rights in the present invention 
pursuant to National Institute of Neurological Disorders and Stroke Grant No. 
5R01 NS24327 to Douglas N. Ishii. 

The invention concerns a method for effecting changes in the central 

10 nervous system by administration of insulin-like growth factor I (IGF-I) or 

insulin-like growth factor II (IGF-II). More particularly, the invention is 
directed to a method for treating disorders or diseases of the brain or spinal 
cord by parenteral administration of IGF-I or IGF-II . 

Many people suffer from disorders and diseases of the brain such as 

15 Alzheimer's Disease, Parkinson's Disease, dementia associated with Acquired 

Immunodeficiency Syndrome (AIDS), Pick's Disease, Huntington's Disease, 
memory loss due to aging, stroke, derangements of the intellect and behavior, 
neurologic effects of aging, and the like. The treatment of a brain disorder or 
disease is generally more complicated than treatment of the peripheral nervous 

2 0 system due to the blood-brain barrier which poses an additional obstacle to the 

delivery of pharmaceutical agents to the brain. 

The endothelial cells lining the brain vasculature separate the brain 
from the blood. This "blood-brain barrier" has been reviewed in Friedemann 
(1942); Rowland et al. (1991); and Schlosshauer (1993). The blood-brain 

25 barrier protects the brain, e.g., from changes in circulating levels of ions, 

neurotransmitters and growth-altering factors. For example, if high 
concentrations of certain neurotransmitters were to enter the brain from blood, 
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brain neurons may become inappropriately activated and overexcitation might 
cause brain disorder or damage. 

The brain capillaries which make up the blood-brain barrier are lined 
with endothelial cells cemented together with very tight junctions, which have 
few transendothelial channels and allow only scanty pinocytosis. By contrast, 
the capillaries of the peripheral tissues are lined with endothelial cells which 
are loosely cemented together with 30-80 Angstrom diameter pores at their 
junctions, and which have many more transendothelial channels and allow 
abundant pinocytosis. The tight junctions between the endothelial cells in the 
blood-brain barrier limit the kinds of molecules that can effectively cross the 
blood-brain barrier to enter the brain. These molecules include essential 
molecules needed for brain metabolism and for which there is a specific 
transport system, such as glucose and amino acids. In addition, small 
lipophilic molecules can dissolve in the lipoid environment of the endothelial 
cell plasma membrane and passively diffuse into the brain. By contrast, polar, 
ionized and large molecules, including proteins, are typically excluded from 
the brain by the blood-brain barrier. 

Similarly, the spinal cord is protected by a blood-spinal cord barrier. 
For example, spinal cord interneurons have their cell bodies and neuritic 
processes entirely within the blood-spinal cord barrier. As for the brain, there 
is a need for a method to effect changes in or treat the mature spinal cord, 
particularly following traumatic spinal cord injury. 

Various procedures have been contemplated in efforts to circumvent 
the blood-brain barrier and effect changes in the brain. For example, in one 
approach, a small hole is drilled through the skull through which neurotrophic 
growth factors might be applied to the ventricles of the brain via a catheter, or 
through which injections or implants can be made. Implanted gel foam, 
tissues or cells might be used to release such growth factors into the brain. 
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However, such invasive procedures are understandably difficult, risky and 
require costly surgical procedure. Alternatively, it may be possible to 
encapsulate neurotrophic proteins within lipid vesicles, and use such vesicles 
to enhance delivery of factors across the blood-brain barrier. 
5 In another approach, U.S. Patent No. 4,801,575 to Pardridge discloses 

chimeric peptides wherein a hydrophilic neuropeptide is conjugated via a 
covalent bond to a transportable peptide for delivering the neuropeptide to the 
brain. Pardridge discloses such chimeric peptides where the transportable 
peptide is insulin, transferrin, insulin-like growth factor I (IGF-I), insulin-like 
10 growth factor II (IGF-II), basic albumin or prolactin, and where the 

neuropharmaceutical agent is somatostatin, thyrotropin releasing hormone, 
vasopressin, alpha interferon or endorphin. However, Pardridge does not 
employ IGF-I or IGF-II as an agent which itself is effective for treating a brain 
disorder or disease. 

15 With regard to the spinal cord, previous studies have shown that IGF-I 

and IGF-II can enhance neurite outgrowth in cultured embryonic rat spinal 
cord neurons (Ishii et al. (1989)). However, the use of IGF-I and IGF-II to 
treat neurons within the mature spinal cord, e.g. having a developed blood- 
spinal cord barrier, particularly for the treatment of disorders and diseases of 

2 0 the mature spinal cord, has not been investigated. 

IGF-I and IGF-II are approximately M r 7500-7700 in size. The 
neurotrophic properties of the IGFs are discussed in Ishii and Recio-Pinto 
(1987), which is incorporated herein by reference. IGF receptors are found in 
brain tissues (Sara et al. (1982); Goodyear et al. (1984)) and are present on 

2 5 neurons and neuroglia cells. IGFs have been shown to prevent the death of 

cultured embryonic chick sensory and sympathetic neurons and to promote 
neurite outgrowth (Recio-Pinto et al. (1986)). 
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Researchers have reported that 125 I-labeled IGF-I and IGF-II cross the 
blood-brain barrier and selectively accumulate in specific hypothalamic and 
anterior thalamic nuclei (Reinhardt and Bondy (1994)). However, those 
researchers acknowledged that the physiological consequence of IGFs* 
5 apparent ability to cross the blood-brain barrier required further study. 

The effect of parenterally administered IGF-I or IGF-II on the central 
nervous system, particularly for treatment of brain and spinal cord disorders 
or diseases, has not yet been determined. Moreover, such determinations are 
not predictable in view of the blood-brain barrier and blood-spinal cord barrier 
10 as obstacles to drug delivery, particularly for large protein molecules such as 

IGF-I or IGF-II. 

Therefore, there is a need in the art of biotechnology and the 
biopharmaceutical industries for a method of effecting changes to the central 
nervous system by the administration of large protein molecules across the 

15 blood-brain barrier and blood-spinal cord barrier, particularly where the 

method of treatment involves administration of IGF-I or IGF-II. 

The invention concerns a method for effecting changes in the central 
nervous system by administration of IGF-I or IGF-II. In a preferred 
embodiment, the invention is directed to a method for treating disorders or 

2 0 diseases of the brain, such as Alzheimer's Disease, Parkinson's Disease, and 

AIDS-related dementia, by parenteral administration of IGF-I or IGF-II. In 
another preferred embodiment, the invention is directed to a method for 
treating disorders of or trauma to the spinal cord by parenteral administration 
of IGF-I or IGF-II. This invention relates to the use of IGFs to ameliorate 

2 5 damage to or treat brain and spinal cord disorders, disease, stroke or trauma 

by the use of parenteral administration of IGF-I and/or IGF-II in a 
pharmaceutical composition. 

For purposes of this invention, several terms are defined below. 
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"IGF-I" refers to insulin-like growth factor I, and is also known as 
IGFI, IGF1, IGF-1 or somatomedin C. For purposes of the invention IGF-I 
also encompasses homologs of IGF-I from various animal species, whether 
extracted from tissues or derived as products of recombinant genetic 
5 expression vectors, and IGF molecules with substantial sequence homology to 

human and animal IGF-I that bind to type I IGF receptors. For purposes of 
the invention, IGF-I does not, however, encompass fusion proteins of IGF-I 
and a non-IGF peptide, wherein IGF-I functions as a transportable peptide and 
not as a pharmaceutical agent for treatment of a disorder or disease. 

10 "IGF-II" refers to insulin-like growth factor II, and is also known as 

IGFII, IGF2 or IGF-2. The invention also encompasses homologs of IGF-II 
from various animal species, whether extracted from tissues or derived as 
products of recombinant genetic expression vectors, and IGF molecules with 
substantial sequence homology to human and animal IGF-II that bind to type I 

15 or type II IGF receptors. For purposes of the invention, IGF-II does not, 

however, encompass fusion proteins of IGF-II and a non-IGF protein, wherein 
IGF-II functions as a transportable peptide and not as a pharmaceutical agent 
for treatment of a disorder or disease. 

"Brain" is defined as the mature (post-birth) brain within the blood- 

2 0 brain barrier. For purposes of this invention, the brain does not include 

circumventricular organs such as the pituitary. 

"Spinal cord" is defined as the mature (post-birth) spinal cord 
contained within the blood-spinal cord barrier. For purposes of this invention, 
the spinal cord does not include neurons, such as motor neurons, whose axons 

2 5 lie in peripheral nerves outside of the blood-spinal cord barrier. 
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FIG. 1 is a graphical representation of the results of parenteral 
administration of IGF-I to diabetic and nondiabetic adult rats. The graph 
shows that administration of IGF-I effectively prevents impairment of IGF-II 
gene expression in the brain of adult diabetic rats. 

FIG. 2 A is a graphical representation of the limb withdrawal reflex 
(lower tracing) and muscle EMG (upper tracing) in a control rat exposed to 
surgery, but with no harm to the locus ceruleus cells. 

FIG. 2B is a graphical representation of the limb withdrawal reflex 
(lower tracing) and muscle EMG (upper tracing) in the lesioned rat exposed to 
surgery, with damaged locus ceruleus cells and having a subcutaneously 
implanted miniosmotic pump releasing vehicle (no drug delivery). 

FIG. 2C is a graphical representation of the limb withdrawal reflex 
(lower tracing) and muscle EMG (upper tracing) in the lesioned rat exposed to 
surgery, with damaged locus ceruleus cells and implanted subcutaneously with 
a miniosmotic pump releasing 4.8 fxg/day recombinant human IGF-II dissolved 
in a vehicle. 

The invention concerns a method for effecting changes in the central 
nervous system by the parenteral administration of IGF-I or IGF-II. In a 
preferred embodiment, the invention is directed to the parenteral 
administration of IGF-I and/or IGF-II to effect a change in the brain or spinal 
cord, particularly where that change is a treatment for a brain or spinal cord 
disorder or disease. 

Procedures to purify and obtain physiologically active IGF-I and IGF- 
II are known in the art (Zumstein and Humbel (1985); Svoboda and Van Wyk 
(1985)). IGF-I and IGF-II are commercially available as human recombinant 
factors, and are sold by Upstate Biotechnology, Inc., Lake Placid, New York; 
GroPep Ltd., Adelaid, Australia; Austral Biologicals, San Ramon, Calif.; and 
others. 
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Pharmaceutical compositions to be employed in the methods according 
to the invention comprise an effective amount of IGF-I or IGF-II. In a 
preferred embodiment, IGF-I or IGF-II is present in the pharmaceutical 
composition in an amount sufficient to have a therapeutic effect on the 
condition to be treated. In a further preferred embodiment, IGF-I or IGF-II is 
present in an amount from about 0.1% to 100% of the pharmaceutical 
composition. For example, the IGF-I or IGF-II may be administered in an 
amount from about 0.1 |ug/kg/day up to about 4 mg/kg/day. As another 
example, the IGF-I or IGF-II may be administered in an amount from about 
400 ng/kg/hourup to about 160 jug/kg/hour. 

As one of ordinary skill in the art will appreciate, the dosage of 
pharmaceutical compositions can be adjusted as needed for a particular route 
of administration, weight of subject, and general condition and disorder or 
disease of the patient to be treated whether human or veterinary. Appropriate 
serum glucose monitoring should be done to prevent hypoglycemia, 
particularly when the higher end of the IGF dosage range is elected. The half- 
times of elimination, volumes of distribution, daily production rates, and 
serum concentrations are established pharmacokinetic parameters for IGF-I 
and IGF-II in normal humans (Guler et al. (1989); Zapf et al. (1981)). 

The pharmaceutical compositions employed in the methods according 
to the invention may further comprise an inorganic or organic, solid or liquid, 
pharmaceutically acceptable carrier which is preferably suitable for parenteral 
administration. Compositions may optionally contain adjuncts including 
preservatives, wetting agents, emulsifiers, solubilizing agents, stabilizing 
agents, buffers, solvents and salts to maintain tonicity and osmotic pressure. 
Compositions may be sterilized and exist as solids, particulates or powders, 
solutions, suspensions or emulsions. 
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The methods according to the invention preferably employ parenteral 
administration. Any means of parenteral IGF administration may be utilized 
in this invention, including intradermal, subcutaneous, intramuscular, 
intravenous, intra-arterial or intraperitoneal administration. Other means for 
parenteral IGF administration might include use of a special infusion or slow 
release device, release of IGFs from implanted cells or device containing cells, 
or gene therapy into tissues, all outside the blood-brain barrier or blood-spinal 
cord barrier with the intent of effecting a change on the central nervous 
system, particularly to treat a brain or spinal cord disorder or disease. 

The following examples are provided to enable those of ordinary skill 
in the art to make and use the methods of the invention. These examples are 
not intended to limit the scope of what the inventor regards as his invention. 
Efforts have been made to ensure accuracy with respect to numbers used to 
characterize the measured conditions; however, some experimental errors and 
deviations may be present. 

EXAMPLE I 

Example of a Pharmaceutical 
Preparation with IGF-I or IGF-II 

A dry ampule (1-60 ml) is partially filled with a sterile solution of IGF- 
I or IGF-II, and optionally pharmaceutical adjuncts or carriers, and 
lyophilized. The parenteral solution is prepared by adding an appropriate 
volume of sterile water, saline or 0.001-0.1 M acetic acid. A pharmaceutical 
packet may contain a desired number of ampules for a course of treatment, 
optionally together with instructions for use. 
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EXAMPLE II 



Parenteral Administration of IGF-I 
Having Effect on Impaired IGF-II Gene 
5 Expression in Metabolically Disordered Brain 



Certain conditions may involve significant damage to the brain with a 
potential breakdown in the blood-brain barrier, for example, severe concussion 
injury to the brain, large penetrating wounds or infections causing 

10 inflammation to the meninges. The parenteral administration of IGFs under 

such conditions would not conclusively reveal whether IGFs can generally 
cross the blood-brain barrier in effective amounts and were therefore avoided 
in these examples. 

This example involves the metabolic disorder of diabetes using the 

15 well-studied diabetic rat as a model. The blood-brain barrier is more 

permeable for certain small ions such as sodium and potassium, but not to 
other small ions and molecules such as chlorine, calcium or sucrose, in rats 
where diabetes is experimentally induced with streptozotocin (Knudsen et al. 
(1986); Jakobsen et al. (1987)). It is expected that, if chlorine, calcium or 

2 0 sucrose permeability is not increased in subjects having a diabetic condition, 

the permeability of the blood-brain barrier is not expected to be reduced for 
larger protein molecules, such as IGFs. 

Adult rats (12-14 weeks old, about 300 grams in body weight) were 
treated with streptozotocin to induce insulin-deficient diabetes. One week 

2 5 later, diabetic rats were implanted subcutaneously in the mid-back with 

miniosmotic pumps releasing either recombinant human IGF-I (4.8 }ig per 
day) or vehicle. After two weeks of continuous parenteral administration of 
IGF-I, the rat brains were stripped of the meninges and assayed for IGF-II 
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mRNA content. Standard biochemical techniques were used to extract RNA 
from brain and run Northern and slot blots. A rat cDNA containing the entire 
coding region of rat IGF-II was used to prepare a single-stranded anti-sense 
32 P-labeled hybridization probe, which previously was well characterized. The 
probe does not cross-hybridize to IGF-I mRNA. Autoradiograms were used 
to measure IGF-II mRNA content in relative densitometry units (rel. units) 
per mg wet weight brain tissue. Values are means +. SEM (N = 4 rats per 
group). The experimental methods are more completely described elsewhere 
(Soares et al. (1985); Ishii et al. (1994)). 

As shown in FIG. 1, IGF-II mRNA content per mg wet weight tissue 
was significantly reduced in the brains of diabetic adult rats compared to that 
of nondiabetic rats. This defines a biochemical abnormality in diabetic brain. 
IGF-II mRNA is produced in various brain regions including hippocampus, 
thalamus, cerebral cortical layer 5, and choroid plexus (Hynes et al. (1988); 
Lee et al. (1992)). Neuroglia cells produce IGF-II mRNAs (Rotwein et al. 
(1988)). The inventor has also found IGF-II mRNA in brain regions such as 
hippocampus, striatum, midbrain, cerebellum and pons. 

As further shown in FIG. 1, the impaired IGF-II gene expression in 
diabetic brain was ameliorated by parenteral IGF-I. These data show that 
parenteral administration of IGF-I effects a change in brain, and that it can 
correct a brain disorder resulting from a disease, in this case diabetes. 

This correction of a brain disorder was not due to a significant 
reduction in hyperglycemia in diabetes, because these same low doses of IGF-I 
had no effect on hyperglycemia, although they did spare impaired sensory 
nerve regeneration in diabetic mature rats (Ishii and Lupien (1995)). Other 
studies have found that the same low doses of IGF-I or IGF-II have no 
significant effect on either hyperglycemia or weight loss in diabetic adult rats 
while hyperalgesia (pain) was prevented (Zhuang et al. (1994)). At many-fold 
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higher IGF doses, hyperglycemia or weight loss can be reduced, but this is not 
required for IGFs to act on the nervous system. 

EXAMPLE III 

Parenteral Administration of IGF-H 
Having Effect on an Impaired Behavior 
Resulting from a Brain Lesion 

In this model, a chemical lesion produced death of locus ceruleus cells 
in adult rat brain. Locus ceruleus cells normally project their noradrenergic 
axons down into the spinal cord to synapse on interneurons which, in turn, 
modify the activity of motor neurons controlling the hind limb withdrawal 
reflex. This example tested the capacity of parenterally administered 
recombinant human IGF-II to preserve this withdrawal reflex. Such 
preservation would result only if the administered IGF-II were to act on the 
brain to preserve the noradrenergic axons. 

In the experiment shown in FIG. 2, 6-hydroxydopamine (60HDA) (4 
\i\ of a solution consisting of 12.5 mg 60HDA per ml and 0.2 mg/ml ascorbic 
acid in isotonic saline) was injected via a 30 gauge needle into the cisterna 
magna of adult (12-week-old) Sprague Dawley rats to destroy the 
noradrenergic locus ceruleus cells in the pons of the brain. Such treatment 
resulted in the disappearance of the axons from these noradrenergic cells 
which normally descend down the spinal cord to synapse on interneurons, 
which, in turn, modulated the activity of motor neurons controlling the limb 
withdrawal reflex. This reflex was measured by administration of 6.25 mg L- 
DOPA followed by electrical stimulation which caused release of 
noradrenaline from the descending noradrenergic fibers of the spinal cord, 
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leading to a large amplitude and long-latency hind limb withdrawal reflex 
whose force was monitored with a force-displacement transducer. The EMG 
in muscle was also recorded. Additional experimental details are available 
from Barnes et al. (1989) and Pulford et al. (1994). 

FIG. 2 A shows a control rat exposed to surgery and injected with 
solvent not containing 60HDA. Under this condition there would be no harm 
to the locus ceruleus cells. The lower tracings show the intact large amplitude 
and long-latency hind limb withdrawal reflex force. F1-F4 are the force-time 
tracings which resulted from electrical stimulations of increasing intensity 
from 1.0-7.5 mA in 2.5 mA increments. The upper tracing shows the 
associated highly active EMG. 

FIG. 2B shows rats lesioned with 60HDA that were implanted 
subcutaneously with miniosmotic pumps releasing vehicle alone. The lower 
tracings show loss of the duration and amplitude of the hind limb reflex force. 
The upper tracing shows loss of EMG activity. 

FIG. 2C shows rats lesioned with 60HDA that were implanted 
subcutaneously with miniosmotic pumps releasing 4.8 |ag/day recombinant 
human IGF-II. This treatment spared both the hind limb reflex and the EMG 
activity. 

Treatment with 60HDA is well established by others to result in the 
loss of noradrenergic brain cells. This was evidenced by the associated loss of 
the hind limb withdrawal reflex that was measured two weeks later in adult 
rats (FIG. 2A vs. 2B). A typical example is shown in FIG. 2B. The lower 
tracing shows the response to the L-DOPA test wherein the large amplitude 
and long-latency withdrawal reflex present in control unlesioned animals was 
almost entirely lost in the lesioned rat. The upper tracing shows the loss of 
EMG activity. These animals were implanted with subcutaneous osmotic 
minipumps that released vehicle only. In a group of six rats so treated, the 
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average peak force generated was 15.6 Hh 3.8 grams (mean, SD) in the hind 
limb withdrawal test. 

By contrast, the hind limb withdrawal reflex was spared in 60HDA 
lesioned animals implanted with subcutaneous pumps that released IGF-II (4.8 
Hg/rat/day) continuously for two weeks. A typical example is shown in 
FIG. 2C. The lower tracing shows retention of the large amplitude and long- 
latency withdrawal reflex typical of unlesioned rats. The upper tracing shows 
retention of EMG activity. In a group of seven rats so treated, the average 
peak force was 298 +. 38 grams (mean, SD). Therefore, IGF-II treatment 
caused a significant (P < 0.025) sparing of the reflex vs. vehicle treatment. 
Thus, the parenteral administration of IGF ameliorated damage, most likely to 
the noradrenergic locus ceruleus nerve cells in the brain. 

The reflex is mediated by noradrenaline, because the response to the L- 
DOPA test could be blocked by the a-adrenergic blocking agent phentolamine. 

The procedure producing lesions in the brain does not directly affect the 
spinal cord motoneurons, because direct electrical stimulation of the motor 
neuron axons in lesioned animals can cause effective contraction of the hind 
limb. 

During the course of treatments in the above experiments, there were 
no indications of toxicity due to IGF administration. 

The experimental results herein show the new and unexpected 
observation that parenterally administered IGF-I and IGF-II can effect changes 
in mature brains of treated rats. Parenteral administration can now be 
considered a viable route of administration for IGFs for the treatment of brain 
disorders and diseases, such as Alzheimer's Disease, Parkinson's Disease, 
dementia associated with Acquired Immunodeficiency Syndrome (AIDS), 
Pick's Disease, Huntington's Disease, memory losses due to aging, stroke, 
derangements of the intellect and behavior, neurologic effects of aging, and 
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the like. IGFs may also be useflil for treatment of traumatic or chemical 
injury to the brain. 

The abnormalities in human diabetic brain are well recognized 
(reviewed by Mooradian et al. (1988); McCall (1991)). These include major 
depression and cognitive deficits such as loss of memory and complex 
reasoning skills. Brain atrophy with degeneration of neurons, as well as axonal 
loss and neurotransmitter imbalances are observed. These are seen in diabetic 
humans (Reske-Nielsen etal. (1965); Olsson et al. (1968); Soininen et al. 
(1992)) as well as diabetic rats (Jakobsenet al. (1987); Trulson et al. (1986)). 

IGF-II is the predominant IGF in brain, and the decline in IGF-II mRNA 
content in diabetic brain (FIG. 1) suggests that it contributes to the 
pathogenesis of encephalopathy because IGFs are believed to be necessary for 
neuron survival, neurite outgrowth and maintenance of synapses. The 
parenteral administration of IGF-I prevented the decline in IGF-II mRNA 
within the context of diabetes, and it is expected that such parental 
administration will be useful to prevent or treat various biochemical 
disturbances in the diseased, disordered or injured brain. 

It is believed that the decline in circulating IGF activity in diabetic 
patients contributes to abnormalities in diabetic brain. Inasmuch as liver is the 
primary source of circulating IGFs, other conditions that reduce liver function 
may contribute to associated brain disorders. For example, in hepatic 
encephalopathy chronic liver disease or liver failure is associated with altered 
behavior, impaired cognition, confusion, and coma. The latter carries risk of 
death or permanent neurological disability. Therefore, the invention further 
applies to the treatment of the brain in hepatic encephalopathy. 

The locus ceruleus cells are located below the cerebellum deep within 
the pons in the rostral pontine central gray region. Their axons have terminals 
on interneurons located entirely within the spinal cord. Because these locus 
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ceruleus noradrenergic neurons and their axons are located entirely within the 
central nervous system enveloped completely by the blood-brain and blood- 
spinal cord barriers, it is clear that the parenteral administration of IGF-II 
effected a change in brain and/or spinal cord (FIG. 2). The parenteral 
administration of IGF-II was able to prevent the consequences of brain injury. 
Other studies showed that a single treatment with 2 jag IGF-II mixed together 
with the 60HDA (injected through the cisterna magna) did not spare the hind 
limb withdrawal reflex. Thus, the continuous administration of IGF-II for two 
weeks was more effective. 

IGF-II may have also prevented the secondary consequences of acute 
injury. For example, following an injury to brain, there can be secondary 
death of neurons over several days. Because the continuous administration of 
IGF-II for two weeks was effective whereas a single injection to the brain was 
not, the continuous administration of IGF appears to provide prophylaxis 
against secondary death of neurons or functional damage to neurons. 

Although the most likely explanation is that IGFs crossed the blood- 
brain barrier in effective amounts, this invention encompasses methods in 
which IGFs are administered to effect changes on the brain, either directly or 
indirectly. 

The methods of the invention are expected to be suitable for the 
treatment of other brain and spinal cord disorders and diseases such as 
Parkinson's Disease and Alzheimer's Disease. In Parkinson's Disease, there 
is a loss of dopaminergic neurons in the brain, as well as the noradrenergic 
neurons in the locus ceruleus. The invention shows that parenteral 
administration of IGFs can effect the brain system involving these 
noradrenergic neurons, and such treatment with IGFs is expected to help treat 
Parkinson's Disease. The dopaminergic and noradrenergic neurons are 
examples of closely related catecholaminergic neurons, and brain 
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catecholaminergic neurons are lost in Alzheimer's Disease. Neurofibrillary 
tangles are also observed in the locus ceruleus in Alzheimer's Disease, and 
such tangles are considered pathogenic. IGFs are expected to help support 
such locus ceruleus cells, catecholaminergic neurons, and other brain cells 
weakened in this disease. 

The actions of IGFs are not confined to catecholaminergic and locus 
ceruleus brain cells, and intracranial IGF administration can support the 
survival of a large variety of different brain cells following ischemic injury. 
Thus, IGF parenteral treatment is expected to be useful in other disorders as 
well, including stroke, lobar atrophy (Pick's disease), Huntington chorea, and 
various neurodegenerative disorders where many types of neurons are at risk. 

Many environmental neurotoxins are well known to cause damage to 
the brain, for instance, 60HDA which was used in the above examples as a 
neurotoxin. Drug abuse with intravenous forms of drugs contaminated with 
MPTP, which was highly toxic to the dopaminergic neurons of the brain, has 
also been linked to a Parkinsonian syndrome. IGF treatment can be useful to 
limit brain damage in patients exposed to such neurotoxins. Environmental 
neurotoxins may interact with a particular genetic factor to cause the 
emergence of disorders or diseases such as Alzheimer's Disease. 

It is appreciated that aging increases the risk of damage to the brain in 
many progressive neurodegenerative disorders. For example, individuals with 
familial forms of Alzheimer's Disease or Huntington's Disease have a genetic 
disorder, but the disease is not manifest typically until after the fourth or fifth 
decade in life. "Senile dementia" is another example. Other examples in 
which age is found to be a factor include but are not limited to cortical-basal 
ganglionic syndromes, progressive dementia, familial dementia with spastic 
paraparesis, progressive supranuclear palsy, and Parkinson's Disease. Age is 
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a risk factor in diabetic neuropathy, and this disease includes diabetic 
encephalopathy. 

It is known that circulating IGF levels decline progressively with age 
(Hall and Sara (1984)). The experiments in this invention suggest that IGF 
levels may be progressively reduced in the brain as a consequence of this age- 
dependent decline in circulating IGF levels. Taken together with the 
knowledge that IGFs are neurotrophic factors and may be maintenance factors 
for the nervous system, parenteral IGF treatment is particularly helpful to 
effect changes in the brain, and thereby reduce the risk of damage to the brain 
in the various disorders in which age is a factor. 

There are other brain disorders in which IGFs is expected to be useful. 
In multiple sclerosis, there is a progressive demyelation of the brain and 
spinal cord. The etiology includes environmental factors because the 
prevalence is 50-fold higher in northern climes than in equatorial areas. Age 
plays a role, and the incidence is low in childhood and high in the third and 
fourth decade of life. IGFs are known to support myelination, and parenteral 
forms of IGFs may be useful in this disorder as well as in the diffuse cerebral 
sclerosis of Schilder in which demyelination is associated with progressive 
mental deterioration, and acute necrotizing hemorrhagic encephalomyelitis 
which is a fulminant form of demyelinating disease. 

Various advantages and modifications will be readily apparent to those 
skilled in the art. The invention in its broader aspects is therefore not limited 
to the specific details or representative example described. Accordingly, 
departures may be made from the detail without departing from the spirit or 
scope of the disclosed general inventive concepts. 
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CLAIMS: 

1. A method for effecting a change in the central nervous system 
comprising parenteral administration of an effective amount of an IGF-I. 

2. A method for treating a disorder or a disease in the brain comprising 
parenteral administration of an effective amount of an IGF-I. 

3. A method according to claim 1 or 2 wherein said IGF-I is administered 
in an amount from about 0. 1 (ig/kg/day up to about 4 mg/kg/day . 

4. A method according to claim 1 or 2 wherein said IGF-I is administered 
in an amount from about 400 ng/kg/hourup to about 160 jag/kg/hour. 

5. A method according to claim 2 wherein said disorder or disease is 
Alzheimer's Disease. 

6. A method according to claim 2 wherein said disorder or disease is 
Parkinson's Disease. 

7. A method according to claim 2 wherein said disorder or disease is 
AIDS dementia. 

8. A method for effecting a change in the central nervous system 
comprising parenteral administration of an effective amount of an IGF-IL 

9. A method for treating a disorder or a disease in the brain comprising 
parenteral administration of an effective amount of an IGF-IL 
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10. A method according to claim 8 or 9 wherein said IGF-II is 
administered in an amount from about 0.1 (ag/kg/day up to about 
4 mg/kg/day. 

11. A method according to claim 8 or 9 wherein said IGF-II is 
administered in an amount from about 400 ng/kg/hour up to about 160 
jig/kg/hour. 

12. A method according to claim 9 wherein said disorder or disease is 
Alzheimer's Disease. 

13. A method according to claim 9 wherein said disorder or disease is 
Parkinson's Disease. 

14. A method according to claim 9 wherein said disorder or disease is 
AIDS dementia. 

15. A method for effecting a change in the spinal cord comprising 
parenteral administration of an effective amount of an IGF-I or an IGF-II. 

16. A method for treating a disorder in or trauma to the spinal cord 
comprising parenteral administration of an effective amount of an IGF-I or 
IGF-II. 

17. A method according to claim 15 or 16 wherein said IGF-I or IGF-II is 
administered in an amount from about 0.1 jag/kg/day up to about 4 
mg/kg/day. 
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18. A method according to claim 15 or 16 wherein said IGF-I or IGF-II is 
administered in an amount from about 400 ng/kg/hour up to about 160 
^g/kg/hour. 
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